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Abstract
It is very important to handle the interference between the transmitter and receiver in wireless
communication system. The high gain antenna is an essential component in such a communication
system. In this paper, a new Electronically Steerable Parasitic Array Radiator (ESPAR) array antenna is
presented for high gain communications and sensing. The antenna array (1x2) consists of two single
ESPAR antennas with an optimum distance. The maximum gain of the single antenna is 8.17 dB whereas
the minimum gain is 7.88 dB. Likewise, the peak gain of the array antenna is 11.40 dB which increased
by 3 dB approximately. The designed antenna could operate at the frequency of ISM band 2.4 GHz to
2.50 GHz. The elements of the ESPAR antenna are placed on substrate namely Rogers RO4725-JXR with
a thickness of 0.787 mm whose dielectric constant is 2.55, as a result it could be fabricated
inexpensively. The space between the active and parasitic elements is chosen as λ/4 for optimum
performance. To reduce the mutual coupling, the distance between the two ESPAR antennas is selected
as λ/8. This proposed array design of ESPAR antenna could be applied into wireless communications, in
wireless sensor networks (WSNs) and IoT communication applications. 

I. Introduction
In any wireless communication system, antenna is a vital component. Antennas are used to connect two
or more devices over long distance wirelessly through the air medium [1, 7]. If the antenna gains are
higher, it could easily handle the interference by providing strengthen information signals at the receiver
[8]. For this the array antenna is the best choice to enhance the gains. The �rst array antenna was
introduced in the 1940s. This development was signi�cantly used in wireless communications because it
improves the reception and transmission systems with minimum interference [2, 3]. The antenna array
consists of N-radiated elements applied to special functions. Feeding can be done speci�cally to achieve
the goals of increasing gains or maintaining radiation patterns or maintaining alignment [4, 22]. In this
way, the array antenna is widely used in the recent communication systems due to its advantages as like
higher gains, and better radiation patterns and power e�ciency. Additionally, it is very important to use
the array antennas for the faster data rate in any dense communication systems e�ciently and for the
sensing many targets or sensors [6, 25, 29]. However, it is a big challenge to design this array antenna
using optimum radiator. The main goal of this research is to propose the high gain Electronically
Steerable Parasitic Array Radiator (ESPAR) antenna with its 1x2 array to face the interference because
adopting the antenna array is an effective way to improve the system performance. ESPAR is the
technique by which beam steering is achieved without the use of phase shifters at any particular
directions. In ESPAR antenna, a driven element is surrounded by the closely spaced parasitic elements
[16].

The ESPAR array antennas are arranged in such a way that the distance between each antenna is λ/8,
also the space/ gap between the active and passive elements is λ/4 by which it could easily reduce the
co-channel interference [18–19]. The proposed single ESPAR antenna’s maximum gain (8.17 dB) is much
higher than the previously published antennas like 6.99 dB [9], 5.70 dB [16], and 7.73 dB [17]. As
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compared to the other array antennas gain 7.51 [3], 8.50 [4], 9.91 [27], the gain (11.40 dB) of the
suggested array antenna is also higher (9.95 dB to 11.4 dB). Based on the other parameters i.e., re�ection
coe�cient, radiation pattern, and directivity, the designed array antenna’s performance is also exhibited
as much better.

In this paper, we like to propose a new ESPAR (Electronically Steerable Parasitic Array Radiator) array
antenna/ ESPAR antenna to make a beamforming at a particular direction. The beam steering of the
proposed ESPAR antenna exhibits very high performance regarding the gains of 8.17 dB, re�ection
coe�cient of -24.90 dB, and the wider operating bandwidth of 270 MHz. The beamforming of the
antenna can be performed e�ciently in the directions of 00,450,900, 1350,1800,2250 2700, 3150

respectively.

The main features of the proposed ESPAR/ array of ESPAR antenna can be summarized as follows:

The suggested single, and array of ESPAR antenna are capable to work at (2.40 ~ 2.49) GHz
frequency;

The gain of the single ESPAR, and array of ESPAR antenna are relatively higher than many published
single and array antennas;

The bandwidths of the proposed antenna are also larger than the many published once antenna
papers at the respective frequency band;

Overall, the proposed antenna is considered reliable and robust to be used in the ISM band frequency
system applications.

The rest of the paper is arranged as follows. The following section II describes the related works resume.
Section III describes the array factor overview, the model of the proposed ESPAR antenna and its
evaluation based on the simulation result is presented in section IV. Finally, the conclusion of this
manuscript is drawn in section V.

Ii. Related Works And Array Factor
Ultra-wideband patch antenna arrays of 2x1 and 2x2 are presented in [1] whose gain increases from 1 to
2.50 dB as compared to the single one, and the resonating frequencies of these array antennas are 3.40
GHz, 5.80 GHz, 8.60 GHz, and 12 GHz. The maximum gain of this published paper is approximately 6 dB.
A novel microstrip patch antenna array with two elements presented to be operated at 5.90 GHz
frequency in [2] that uses Rogers RT 5880 material as substrate. The peak gain of this array antenna is
9.61 dB whereas the single antenna gain is 7.51 dB. In [3], the patch array antenna with 1x2 elements is
proposed with two input ports by providing the center frequency of 2.30 GHz and 3.50 GHz, the respective
gains are obtained as 10.10 dB and 12.20 dB at these resonating frequencies. As substrate this array
antenna used FR-4 material. A two-element array antenna based on a stub-loaded con�guration is
presented in [4]. Its operating frequency obtained as 2.15 GHz to 2.38 GHz with the maximum gain of
8.50 dB. Dissimilar circular patch antenna of 1x2 and 1x4 arrays are demonstrated in [7] that used FR-4
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glass-epoxy dielectric material to cover the band of (2.40–2.48) GHz frequency. The highest gain of this
published paper is 8.03 dB. A published paper [8], hexagonal shape 2x2 array of patch antenna with
defected ground structure (DGS) is designed to be operated at the frequencies of 2.40 GHz and 5.80 GHz.
A 7- elements ESPAR antenna at 2.48 GHz operating frequency for Direction-of-Arrival (DoA) estimation is
presented in [5]. The design paper [6] of broadband 7- elements ESPAR antenna is proposed to work for
all frequencies in the band of 465 MHz to 700 MHz with the peak gain of 9 dB. A single UHF RFID 13-
elements ESPAR antenna [9] is designed on the FR-4 material for operating at the frequency of 2.40 GHz.
The peak gain of this ESPAR antenna is 6.99 dB. Paper [10] illustrated a 13- element ESPAR antenna
using FR-4 laminate for 2-D direction-of-arrival (DoA) estimation at 2.48 GHz frequency by providing the
value of gain is 6.75 dB, also its minimum return loss is exhibited as -14 dB. A 5-elements ESPAR antenna
[11] with a sole active element and four parasitic elements is designed for operation at 2.10 GHz
frequency, and the minimum return loss at this frequency is approximately – 18 dB. The distance
between the active and each parasitic element is set to be λ/14 mm. The research work is performed by
the paper of [12] with 7- elements ESPAR antenna, where the distance between active and passive
elements is λ/4 at 2.50 GHz frequency. Five-elements ESPAR antenna using slot active element is
presented in [13] which fabricated on the FR-4 substrate material to be resonated at 2.45 GHz frequency.
The suggested article [16], represents 5- elements ESPAR antenna that can be used for the (2.10– 2.60)
GHz frequency band. The crossed monopole of this ESPAR antenna presented for the broadband
characteristics of 520 MHz band at a return loss of -15 dB and the antenna gain range about (4.70–5.70)
dB. Paper [17] proposed a 7- elements ESPAR antenna to be used for the operating frequency of (1.70–
2.70) GHz, the lengths/ heights of the active monopole and the parasite sleeve wires is about λ/4. The
gain range of this antenna is from 6.15 dB to 7.37 dB. Lately, paper [19] presented the microstrip patch
hole hexagonal design ESPAR antenna whose maximum gain is 7 dB, the minimum re�ection coe�cient
is -19 dB, and the operating frequency bandwidth is 130 MHz.

Array factor (AF) in any system usually depends on the number of antennas, distance between the each
antenna, amplitude and phase of the input signals at each element (antenna). The antenna array can be
arranged either at z- axis or at x- axis and y- axis in any designed system frequently depicted in Fig. 1(a).
To be noted the simplest array antenna consists of two elements separated at a distance of d. The AF for
N- elements can mathematically be expressed as [14]

Array Factor, AF(θ) = ∑N
n=1ef ( n−1) ( kdcosθ+δ)  (1)

where, Ψ = Kdcosθ + δ)then Eq. (1) can be written as

AF(θ) = ∑N
n=1ef ( n−1) Ψ (2)

here, k = 
2π
λ , θ is the angle between array axis and the observation of azimuthal angle, δ is the phase

shifter which equals to the zero for the broadside array, d is the different antenna’s spacing from each
other.



Page 5/14

Now, for the simple two elements array, the equation of the array factor (AF) can be written as follows [15]

AF(θ) = 
1
2 1 + ejΨ = cos

Ψ
2  (3)

For this array, the space between the antennas must be d ≤ λ/2. Otherwise, many side lobes will appear
due to the negative value of cosine term for, d > λ/2.

Therefore, when the outputs (gains) from each antenna are combined (r1, r2, r3, …, rnis the output of
array amplitude sequence), there is a coherent summation that increases the output gain of amplitude as
shown in Fig. 1(c). Simply, this scenario can mathematically be de�ned as follows,

z = ∑N
n=1rn (4)

Iii. Espar Antenna And Array Design
A. Single ESPAR antenna

An electronically steerable parasitic array radiator (ESPAR) antenna consists of one active element (fed
element or radiator) and the others are the parasitic elements (or parasitic radiators) attached with
variable reactance. The proposed ESPAR antenna is designed using the CST studio simulator. The active
monopole (numbered as #0) placed in the center of the metal ground plane surrounded by 4- parasitic
elements (numbered as #1- #4) printed on Rogers RO4725-JXR dielectric substrate. Its relative
permittivity, ϵr= 2.55 and thickness, h = 0.787 mm. To design a low-pro�le ESPAR antenna, it has to
signi�cantly be reduced the height. The original concepts while its radiation patterns can successfully be
used to provide accurate direction of arrival estimation, a number of constructions based on the number
of radiators have been investigated. The distance between an active element and the passive elements is
λ/4 (= a). The active monopole here is fed by the coaxial connector via the central pin in order to provide
50Ω impedance appropriately and its height, ha = 26 mm. The parasitic elements can be opened
(directors that pass through the electromagnetic wave) or shortened (re�ectors that re�ects the energy) to
the ground by the pin diode switching circuits designed on dielectric substrate whose height, hp = 27.2
mm. The central pin of every surrounding passive element can be connected to the ground via a
corresponding switching circuit realized using inductance and reactance sets. The switching mechanism
in�uences the passive elements resonance by involving additional, centrally located load (close to open
or short circuit). As a consequence, the proposed 5- elements antenna provides 3600 beam steering with
each 450 discrete step using n = 8 directional radiation patterns. In such setup, nth radiation pattern will

have its main beam direction equal to ϕn
maxfor which the radiation pattern will have its maximum in the

horizontal plane. All considered steering vectors together with associated main beam directions and
radiation pattern numbers, n are gathered in table II.

| | | |
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The 3-D radiation pattern of the proposed antenna at all the switching state is illustrated in Fig. 3. By
which the antenna will de�nitely provide the strength connectivity in any networks even though there is a
difference in height of installed nodes. Also, the antenna provides standard gain values which are
su�cient to be used in weather tracking, WSN system; IoT- based smart city deployments, and so on.
Moreover, the impedance matching of the proposed antenna is very good as depicted in Fig. 4, for the �rst
switching state. The re�ection coe�cient below − 10 dB in the considered frequency band of the antenna
is presented. The minimum return loss exhibits as -24.90 dB with a bandwidth of 270 MHz, from where; it
could observe that the antenna exactly resonates at 2.49 GHz frequency.

Comparative analysis results with some other published ESPAR antenna papers are demonstrated in
Table III, based on the radius, r (mm) of the substrate, maximum height of the antenna elements, h (mm),
resonating frequency (GHz), maximum gain (dB), and the value of return loss |S1,1| (dB) of the antenna.

However, the proposed ESPAR antenna has maximum gain of 8.17 dB, minimum value of return loss is
-24.90 dB, and the optimum operating bandwidth is 270 MHz with the least side lobe. As compared to the
many ESPAR antennas, its size, heights are smaller; also the characteristics parameters exhibit very well
in result that is why this might be selected to be used in the respective communication system.

The proposed antenna’s gain during the angular directions of 00 is 8.17 dB whereas the gain at the time
of main lobe angular directions of 900, 1800, and 2700 is 8.12 dB, also the gain 7.88 dB obtained at 450

, 1350, 2250, and 3150. It happens due to the reactance set of the antenna at different passive elements.

B. 1x2 array of ESPAR antenna

In 1x2 array of 5- elements ESPAR antenna, each ESPAR antenna is arranged in such a way that the
distance between the two antennas is about one-eight wavelength, λ/8 to be operated in the ISM band
frequency of (2.40–2.50) GHz. The simulation and geometrical design speci�cation of the 1x2 array
antenna is illustrated in Fig. 5 with two single 5- elements ESPAR antennas. The lumped ports of the two
ESPAR antennas are setup in different way as depicted in Fig. 5(a).

During the �rst steering vextor in accordance with table IV, the return loss plot of the array antenna is
demonstrated in Fig. 6, more speci�cally the re�ection coe�cients for S1,1, S2,2, of the 1x2 array 5-
elements ESPAR antenna is shown in Fig. 6(a). The S1,1 and S2,2 curves minimum return loss exhibited
as – 18 dB. Moreover, the S2,1 and S2,2 curves return loss present below the – 16 dB as illuminated in
Fig. 6(b). After combining the far�eld results, the �nal re�ection coe�cient is displayed in Fig. 6(d), which
indicates that the array antenna resonates at 2.46 GHz frequency with minimum return loss of – 21.50
dB. At the time of second steering of the reactance set presented in table IV, the re�ection coe�cient is
shown in Fig. 7. The S2,1 and S2,2 return loss curves present below the – 25 dB as illustarted in Fig. 7(b),

and the Fig. 7(c) is presented as the combined result. Again, when the ϕ3
max = 900 folowed by the

reactamce set of table IV, the re�ection coe�cient is depicted in Fig. 8. For the other beam directions, the
return loss plot of the proposed array antenna maintain the same result followed by the reactance set
table.
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The complete 3-D radiation pattern of the proposed 1x2 array antenna is displayed in Fig. 9 by following
the directions of 00, 450, 900, 1350, 1800, 2250, 2700, and 3150. It’s observed that the peak gain of the
proposed antenna is 11.40 dB and the least gain of the array antenna is 9.95 dB.

It is obtained from the presented table V, that the designed array antenna is compared with some
published once papers based on the type array of antenna, array dimensions (nxm), operating frequency
(GHz), and gain (dB).

Vi. Conclusions
This paper incorporates with the design of 1x2 array of antenna by proposing 5- elements ESPAR
antenna. The ESPAR array antenna has some advantages like wider elevation angle directions, e�cient 
3600radiation pattern, higher beam gains, and so on. The beam steering of the proposed array antenna
exhibits very high performance at (2.40–2.50) GHz frequency regarding radiation pattern, gains of 9.95
dB to 11.40 dB, re�ection coe�cients, and the wider operating bandwidth. The beamforming of the single
and array antenna can be performed e�ciently in the directions of 00,450,900,1350, 1800, 2250, 2700 
3150 respectively. Thus, the proposed design antennas are seemed to be a reliable, and robust for low
power transmission system to build a better communication.
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Tables
Table I. Espar Antenna Dimensions 

Dimension Value (mm) Dimension Value (mm)

ha 26 hp 27.2

a λ/4 r 100

Table II. Reactance Set of the Proposed Espar Antenna 
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Number, n Directions,

\varvecϕ\varvecn
\varvecm\varveca\varvecx

Lumped Ports

#1 #2 #3 #4

1 00 0.1 pF 0.5 nH 0.5 nH 0.5 nH

2 450 0.1 nH 0.5 pF 0.1 pF 0.7 nH

3 900 0.5 nH 0.1 pF 0.5 nH 0.5 nH

4 1350 0.5 nH 0.1 nH 0.5 pF 0.1 pF

5 1800 0.5 nH 0.5 nH 0.1 pF 0.5 nH

6 2250 0.5 pF 0.1 nH 0.7 nH 0.1 pF

7 2700 0.5 nH 0.5 nH 0.5 nH 0.1 pF

8 3150 0.5 pF 0.1 pF 0.1 nH 0.7 nH

Table III.  Comparative Analysis 

Ref. Radius,
r (mm)

Height,
h (mm)

Frequency
(GHz)

Peak Gain
(dB)

|S1,1|
(dB)

[5] 60.34 30.34 2.48 7 N/A

[9] 246 71 0.87 6.99 -12.2

[12] 60 30 2.50 5.67 -11

[16] 120 30.60 2.40 5.70 -15

[17] N/A 40.5 2.20 7.73 N/A

[19] 56 N/A 3.50 7 -19

[20] 400 200 0.60 9 N/A

[21] 121.2 N/A 2.45 5.21 N/A

[28] 140 26 2.40 8.44 -16

This 100 27.2 2.49 8.17 -24.9

Table IV.  Reactance Set of the Proposed 1x2 Espar array Antenna
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Directions,

  

Lumped Ports

ESPAR-1 ESPAR-2 

#1 #2 #3 #4 #1 #2 #3 #4

00 0.15 pF 0.45 nH 0.45 nH 0.45 nH 0.2 pF 0.45 nH 0.45 nH 0.45 nH

450 0.45 nH 0.2 pF 0.45 nH 0.45 nH 0.3 pF 0.45 nH 0.45 nH 0.45 nH

900 0.45 nH 0.1 pF 0.1 pF  0.45 nH 0.1 pF 0.2 pF 0.45 nH 0.45 nH

1350 0.45 nH 0.45 nH 0.2 pF 0.45 nH 0.45 nH 0.2 pF 0.45 nH 0.45 nH

1800 0.45 nH 0.45 nH 0.45 nH 0.15 pF 0.2 nH 0.2 pF 0.45 nH 0.45 nH

2250 0.45 nH 0.45 nH 0.45 nH 0.15 pF 0.2 nH 0.45 nH 0.2 pF 0.45 nH

2700 0.1 pF 0.45 nH 0.45 nH 0.1 pF 0.45 nH 0.45 nH 0.1 pF 0.1 pF

3150 0.2 pF 0.45 nH 0.45 nH 0.45 nH 0.45 nH 0.45 nH 0.45 nH 0.3 pF

Table V.  Comparison results and Analysis 

Ref. Array type Array
(nxm)

Frequency (GHz) Gain (dB)

[22] Patch 1x8 3.5 6–10

[23] Patch 1x8 2.4–2.50 6- 9.74

[24] Patch 1x8 1.80 7.32

[25] Patch 1x8 28 6.99- 10

[26] Patch 2x1 2.40 9.22

[27] Patch 1x2 5.80 9.19

This ESPAR 1x2 2.40–2.50 9.95–11.4

Figures



Page 12/14

Figure 1

(a). Array antennas on the x-axis.    

(b). ESPAR array directional beam combination.

(c) Complete beam combination scenario of ESPAR array antenna.

Figure 2

(a). Geometrical view of the proposed ESPAR antenna.

(b). Simulation view of the proposed ESPAR antenna.

Figure 3

3-D radiation pattern of the antenna.

Figure 4

Re�ection coe�cient of the antenna.
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Figure 5

(a). Geometrical view of the proposed 1x2 array of ESPAR antenna.

(b). Simulation view of the proposed 1x2 array of ESPAR antenna.

Figure 6

(a). Re�ection coe�cient of S1,1 and S2,2.
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(b). Re�ection coe�cient of S1,2 and S2,1.

(c). Complete re�ection coe�cient during = φmax
1 = 00.

(d). Re�ection coe�cient after far�eld combination.

Figure 7

(a). Re�ection coe�cient of S1,1 and S2,2.

(b). Complete re�ection coe�cient during = φmax
2 = 450.

(c). Re�ection coe�cient after far�eld combination.

Figure 8

(a). Re�ection coe�cient of S1,1 and S2,2.

(b). Complete re�ection coe�cient during = φmax
1 = 900.

(c). Re�ection coe�cient after far�eld combination.

Figure 9

3-D radiation pattern of the proposed 1x2 array antenna.


